Introduction {#sec1-1}
============

The invention of nanoparticles is not less than a miracle due to the unique properties that offer innovative and life-changing products and technologies in the fields of medicine, industries such as paint, food processing, fabric, information technology, etc., Nanotechnology is however also questioned in terms of safety for human, also animals, plants, and ecosystem at large. There has been exponential growth in this field with a wide variety of products, which are questioned for safety by many international organizations. Reports identified multiple scenarios through which humans could be exposed to engineered nanomaterials (ENM) including occupational, environmental, and consumer exposure.

Are nanoparticles safe? Agencies addressing safety assessment {#sec2-1}
-------------------------------------------------------------

Risk assessment task is based on the possibility of exposure and potential hazard to make regulatory decisions.\[[@ref1]\] The likelihood of adverse health or environmental effects due to exposure to potentially hazardous chemicals for regulation is under the scope of government agencies and international organizations viz., the Environmental Protection Agency (US EPA), the European Chemical Agency, the Organization for Economic cooperation and Development (OECD), and the World Health Organization. These provisions for general chemicals have been found to be limited for safety evaluation of ENM. Gaps in basic information on hazard, exposure and dose--response can lead to ambiguous, largely qualitative risk estimations based on projected assumptions, which may fail to define appropriate risk management actions. Nevertheless, the European Commission\'s Scientific Committee on Emerging and Newly Identified Health Risks and the European Food Safety Authority have recently reviewed the available information and concluded that, despite the overwhelming uncertainties, the risk assessment framework is applicable to ENM if properly adapted to address their unique properties.\[[@ref2]\]

A compound in nano form should be considered as a new compound {#sec2-2}
--------------------------------------------------------------

The properties that make nanoparticles unique and responsible for their importance in industrial and biomedical application also raise the safety concerns. The nano forms have unique properties in terms of magnetic, catalytic, optical, electrical, and mechanical attributes when compared to conventional, that is, non-nano or bulk forms.\[[@ref3]\] These are increasingly preferred for use as fillers, opacifiers, catalysts, water purification system components, semiconductors, cosmetics, microelectronics, etc., that are certainly likely to come into direct and indirect contact with humans. In the case of the biomedical field they are used, especially as drug-delivery agents, biosensors or imaging contrast agents through direct ingestion or injection into the body. The nanomaterials are often coated with biomolecules such as DNA, proteins, and monoclonal antibodies to target specific cells for imaging and drug-delivery uses. Metal oxides such as zinc oxide (ZnO) and titanium dioxide (TiO~2~) in their nanoparticle forms have become a part of daily use. They appear on the ingredients list of common household products as diverse as cosmetics, sunscreens, toothpaste, food coloring, paint, and coatings for vitamin supplements. TiO~2~ and ZnO are particularly valued for the high refractive index and bold white coloration making them widely used whitening agents. They are also common ingredients of sunscreen as they are able to block out both ultraviolet A and B lights.\[[@ref4]\] Both TiO~2~ and ZnO are the nanomaterials that are easily accessible to the human body. There are more chances of them penetrating the body through different means \[[Figure 1](#F1){ref-type="fig"}\].
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The considerable interest in developing these ENM is because their basic properties would be differing in fundamental and valuable ways from those of their bulk counterpart. However, regarding the regulatory approach, the Food and Drug Administration (FDA) guideline seems to allow using the ENM in foods as generally regarded as safe (GRAS). Thus marking of the product to have nanoparticles, is not mandatory. The ENM have been used to improve food quality during storage thus increasing the shelf life; however, uncertainties remain about how to determine the safety of using such food. FDA has reviewed the uncertainties that are associated with the safety aspect of use of ENM and decided that it need not have an additional arrangement to regulate products containing such materials. Instead, FDA encourages but does not make it mandatory for companies using ENM in the food, to consult with the agency regarding whether such substances might be GRAS. Since GRAS notification is voluntary, the companies do not essentially need to mention nanomaterials in their products, thus there seems to be no fool of proof way of knowing the extent to which ENM have entered the food supply. The regulatory guidelines are not similar globally. However, all food ingredients that incorporate ENM must be submitted to regulators in Canada and the European Union before they can be marketed.\[[@ref5]\]

The government and nongovernment agencies like The International Centre for Technology Assessment, Centre for Food Safety, Friends of the Earth, and Institute for Agriculture and Trade Policy considered it to be of prime importance to put it before the regulatory bodies like FDA to consider nanoparticles as a new compound and not consider it safe as such because the native form is recognized as safe.\[[@ref6]\] The National Toxics Network, Australia has reported that ZnO in the nano form shows the potential risk to humans.\[[@ref7]\] On the other hand, TiO~2~ bulk is classified as 2B by the International Agency for Research on Cancer, whereas nano form remains to be conclusively studied.\[[@ref6]\]

Materials and Methods {#sec1-2}
=====================

A review of manufacturing methods and criteria for *Bhasma* prevailing in ethno medicine was carried out in order to compare with the same for engineered nanoparticles. The figures and table depict the comparative data. In present study, the details along with the concern for safety due to increased exposure to nano particles is described.

*Bhasma*, the metal compounds in nano dimensions: Conventional counter part of nanoparticles {#sec2-3}
--------------------------------------------------------------------------------------------

In the light of this rising awareness for possible harmful effect of engineered nanoparticles, author think it is necessary to revisit the ancient counterpart of nano that is used in traditional medicine that is, *Bhasma*.\[[@ref8][@ref9]\] The ethnomedicine branch "*Rasayana Shastra*" deals with *Bhasma* that are metal compounds in the size of nano dimensions.\[[@ref8][@ref10]\] *Bhasma* is the herbo-mineral metallic drug preparations unique to the Ayurveda, Unani, and Siddha systems of alternative or traditional medicines. These are prepared with herbal juices and used for treating diverse chronic ailments. These are considered products of classical alchemy; inorganic compounds of certain metals and present in a fine powdered form like oxides in gems. *Bhasma* literally meaning ash is a mineral preparation that is made from precious metals and their naturally occurring salts.\[[@ref11]\] The manufacturing is called "*Bhasmikarana*" which means converting a compound into ashes. It is distinct from the approaches used for manufacturing engineered nanoparticles \[[Figure 2](#F2){ref-type="fig"}\]. It is an elaborate process \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\], which converts the metal into its specifically desired chemical compound eliminating the toxicity of the metal, making it compatible for human medicinal purpose.\[[@ref12]\] The process helps converting the metal at zero valent state to a higher oxidation state, which is pivotal for reducing the toxicity of the compound thus rendering the metal oxide with high medicinal value.\[[@ref13]\] Herbo-mineral formulations are very specific in terms of the organic media (juice or decoction of herbs), quantum of heat exposure during manufacturing by processes called *Shodhana* (means purification or potentiation) and *Marana* (means incineration). The metal mineral compounds in *Bhasma* form acquire many novel attributes, which may be due to the steps involved in the preparation as shown in Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}.
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![Processing of minerals](AYU-35-237-g004){#F4}

Some of the metal compounds are essential components of specific human body organ systems, and any imbalance in the amount is linked with various illnesses. The role of metals in curing of ailments was first realized in Ayurveda.\[[@ref14]\] Zn for instance is present in blood, sensory tissues, and flesh. Imbalance in the Zn levels causes problems related to the nervous system such as despondency, anxiety, and dullness of intellect, extreme forgetfulness, and irritable temperament. Thus, the levels of exposure to metals need to be controlled for homeostasis.\[[@ref12]\] *Jasada Bhasma*, which is a unique preparation of Zn, has been used in the treatment of diabetes and age related diseases. Nano sized gold particles are reported to be effective in amending symptoms of mycobacterial, collagen and pristine induced arthritis in rat models.\[[@ref12]\]

The allopathic medicines are widely used however; the traditional medicines are considered safer options in general. The incidences of adverse effects of *Bhasma* therapy however are not so uncommon, though not documented scientifically, are assumed to be due to noncompliance to prescribed guidelines of "Ayurveda *Rasayana Shastra*" manufacturing \[[Table 1](#T1){ref-type="table"}\].\[[@ref8][@ref15][@ref16]\] There are various physico-chemical characters that are ascertained by prescribed tests listed in the table. These tests are done to confirm the basic attribute of size, that is, "*Sukshmatva*" or fineness, which is demonstrated also by the electron microscopy, mass spectrometry, etc., laboratory techniques.\[[@ref12]\] It can be assumed that it is a prerequisite for the preparations to fulfill these criteria in order to be safe and effective for human use. The Ayurvedic concepts of *Marana* (means trituration) and *Bhavana* (means levigation) are used to reduce the particle size. It has been reported that manufacturing methods of *Bhasma* are in tune with nanotechnology of modern era and *Bhasmas* are nearer to the nano crystalline materials, similar in physico-chemical properties except that *Bhasma* is prepared in the presence of various plant products like juices, concoctions, etc.\[[@ref8][@ref12]\] The engineered nanoparticles are found to be highly reactive due to the free electrons present on their surface, hence, these can be very sensitive to the environmental factors such as pH, temperature, electrolytes, and solvent, and have a tendency to aggregate. The use of plant extracts may provide capping of reactive nanoparticles and thus make *Bhasma* biocompatible, safe, and effective when manufacturing norms are properly followed. Considering environmental toxicity or biological hazards associated with chemical synthesis, green synthesis for nanoparticles is advocated, which can be considered as parallel of ancient *Bhasma* preparation in modern science. Green synthesis of nanoparticles involves use of natural polymers (gelatin, dextran, starch, chitosan) mainly of plant origin, which are used to make the nanoparticles more biocompatible and beneficial.\[[@ref17][@ref18]\] It is reported that, when nanoparticles are integrated with biological molecules their stability, functionality and effectiveness is improved due to the altered surface chemistry. The nanoparticle coating is found to be crucial for ensuring the bioavailability due to the surface chemistry that leads to formation of aggregates, which can limit the bioavailability.\[[@ref19]\]

###### 

List and details of Ayurveda *Rasa Shastra* prescribed tests of a *Bhasma*
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Discussion {#sec1-3}
==========

Owing to the exponential growth of nanotechnology, increased and uncontrolled human exposure through various routes intentionally or inadvertently is not a remote or unlikely situation.\[[@ref20]\] The exposure can be by way of occupation, lifestyle and random. All the engineered nanoparticles are not meant for human use the way *Bhasma* preparations were meant. The nanoparticles however are one of the miracle inventions, the safety aspect of which for human use and ecosystem at large cannot be disregarded. We share our concern over safety assessment of nanoparticles for human use with a number of agencies globally as listed earlier. These should be treated as a new chemical, and safety data should be generated by novel strategies adapted for these novel particles. The demand for NP to be considered as a new compound needs to be corroborated by laboratory data to which regulatory agencies are open. The evaluation of engineered nanoparticles in terms of Ayurvedic *Rasayana Shastra* norms for *Bhasma* in terms of various physico-chemical attributes can be useful. Our observations of few tests like *Rekhapurntva*, *Nirdhumtva*, *Varitaratva* for the engineered nanoparticles of ZnO, and TiO~2~ indicated that the engineered nanoparticles yielded similar results like *Bhasma* (unpublished data). In addition to the tests regarding the fineness, other chemical criteria for a range of engineered nanoparticles, green synthesized nanoparticles, can be checked as compared to the conventional nanoparticles, that is, *Bhasma*. *In vitro* laboratory studies on cell culture can be done in order to check the comparative effects in terms of toxicity, growth kinetics, chromosomal and DNA damage based on OECD prescribed endpoints for new drug compounds. This data will help determine the effect of manufacturing methods on cellular toxicity.

The benefits of nanoparticle-based inventions are undeniable and unstoppable hence, safety related studies should also be carried out rigorously and planned in order to provide guidelines for safer manufacturing practices.

Conclusion {#sec1-4}
==========

The reports of miracle medicinal properties of *Bhasma* in ancient literature are not difficult to accept given proper manufacturing norms are followed. The ethno medicine practices regarding *Bhasma*, the conventional nanoparticles, may be evaluated as a potential prototype when dealing with manufacturing and usage of engineered nanoparticles, the safety of which is a major concern and not yet fully addressed.
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